An aerobic, Gram-stain-negative, rod-shaped bacterium (designated strain CC-G9A T ), motile by a polar-flagellum, was isolated from a hot spring water sample in Taiwan. Strain CC-G9A T could grow at 20-42 6C, pH 6.0-10.0 and tolerate up to 7 % (w/v) NaCl. The 16S rRNA gene sequence analysis of strain CC-G9A T showed pairwise sequence similarity to Pseudomonas mendocina LMG 1223 T (97.7 %), Pseudomonas alcaligenes ATCC 14909 T (97.8 %), Pseudomonas alcaliphila DSM 17744 T (97.8 %), Pseudomonas toyotomiensis JCM 15604 T (97.6 %), Pseudomonas oleovorans subsp. lubricantis DSM 21016 T (97.6 %) and Pseudomonas argentinensis BCRC 17807 T (97.5 %), and lower sequence similarity to other species of the genus Pseudomonas. According to DNA-DNA association analysis, the relatedness of strain CC-G9A T to P. mendocina BCRC 10458 T , P. alcaliphila DSM 17744 T , P. alcaligenes BCRC 11893 T , P. oleovorans subsp. lubricantis DSM 21016 T , P. argentinensis BCRC 17807 T and P. oleovorans subsp. oleovorans BCRC 11902 was 55.1±3.1, 13.7±1.5, 14.1±1.8, 58.5±1.1, 28.9±2.0 and 28.6±1.8 %, respectively. The evolutionary trees reconstructed based on 16S rRNA, gyrB and rpoB gene sequences revealed varying phylogenetic neighbourhoods of strain CC-G9A T with regard to the most closely related type strains. The predominant quinone system was ubiquinone (Q-9) and the DNA G+C content was 64.3±1.3 mol%. The major fatty acids were C 10 : 0 3-OH, C 12 : 0, C 12 : 0 3-OH, C 16 : 0 and summed features 3 and 8 consisting of C 16 : 1 v7c/C 16 : 1 v6c and C 18 : 1 v7c/C 18 : 1 v6c, respectively. The major polar lipids were diphosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine and phosphatidylglycerol. According to distinct phylogenetic, phenotypic and chemotaxonomic features, strain CC-G9A T is proposed to represent a novel species within the genus Pseudomonas for which the name Pseudomonas guguanensis sp. nov. is proposed. The type strain is CC-G9A T (5BCRC 80438 T 5JCM 18416 T ).
The genus Pseudomonas was first described by Migula (1894) . Its members are widespread in natural habitats such as soil, plants, animals and water (Palleroni, 1984) . The nutritional studies of Stanier et al. (1966) showed that the ability of members of the genus Pseudomonas to utilize different compounds as sole sources of carbon and energy provided essential assistance to phenotypic characterization. Groups of species differ considerably in their nutritional versatility. They have a variety of functions related to the decomposition of organic matter and the promotion of plant growth and can also act as pathogens (Palleroni, 1993; Peix et al., 2009) . The genus Pseudomonas has served as a repository for straight, strictly aerobic, cream-coloured, Gram-negative rods that are motile by one or several polar flagella and has undergone multiple reassessment on the basis of physiological, molecular and phenotypic features (Sneath et al., 1981) , DNA-DNA hybridization (Palleroni, 1984) , 16S rRNA gene sequence similarity (Anzai et al., 2000) and chemotaxonomic data (Oyaizu & Komagata, 1983; Vancanneyt et al., 1996) .
While investigating bacterial diversity in hot springs, water samples were collected from a favourite hot spring attraction located at Guguan (24 u 129 13.460 N 121 u 009 29.490 E, 711 m) in Taiwan. The collected water sample (10 ml) was stored in a thermal mug, introduced into sterile water and shaken at 50 u C for 30 min. Each serially diluted (10-fold dilutions) sample (100 ml) was spread on nutrient agar (NA; HiMedia). A light yellow-coloured colony (defined as strain CC-G9A T ) appeared was purified and preserved at 280 u C as a glycerol suspension for further characterization. For taxonomic purposes, Pseudomonas mendocina BCRC 10458 T ; Pseudomonas alcaligenes BCRC 11893 T , Pseudomonas alcaliphila DSM 17744 T , Pseudomonas toyotomiensis JCM 15604 T , Pseudomonas oleovorans subsp. lubricantis DSM 21016 T (Saha et al., 2010) , Pseudomonas argentinensis BCRC 17807 T , Pseudomonas oleovorans subsp. oleovorans BCRC 11902 (reclassified from Pseudomonas pseudoalcaligenes; Saha et al., 2010) , Pseudomonas straminea JCM 2783 T and Pseudomonas flavescens JCM 21586 T were purchased from their respective culture collection centres as reference strains. For direct comparative analysis, all these strains were grown on NA at 30 uC for 2 days, unless specified otherwise.
Bacterial genomic DNA was isolated by using UltraClean Microbial Genomic DNA Isolation kits (MO BIO) by following the manufacturer's instructions. The extracted DNA was used as template to amplify the 16S rRNA gene. The PCR was performed with bacterial universal primers 1F (59-GAGTTTGATCATGGCTCAGA-39) and 9R (59-A-AGGAGGTGATCCAACCGCA-39); primers 3F (59-CCTA-CGGGAGGCAGCAG-39), 5F (59-AAACTCAAATGAATT-GACGGGG-39) and 4R (59-TTACCGCGGCTGCTGGCA-C-39) were used in the sequencing reaction (Edwards et al., 1989) . The gyrB gene was amplified by PCR using primers UP-1 (59-CAYGCNGGNGGNAARTTYGA-39) and UP-2r (59-CCRTCNACRTCNGCRTCNGTCAT-39) as described by Yamamoto & Harayama (1995) . The rpoB gene is a highly conserved housekeeping gene, which encodes the RNA polymerase beta subunit, and has been used as a signature for bacterial identification as well as a locus for phylogenetic analysis. The primers LAPS (59-TGGCCG-AGAACCAGTTCCGCGT-39) and LAPS27 (59-CGGCTT-CGTCCAGCTTGTTCAG-39) were used to amplify a fragment of the rpoB gene of about 1.2 kb (Ait Tayeb et al., 2005) . Gene cycle sequencing was performed by using the Bigdye terminator kit (Heiner et al., 1998) , and determination of the nucleotide sequence of PCR products was performed by an automatic DNA sequencer (ABI PRISM 310; Applied Biosystems) (Watts & MacBeath, 2001) . The DNA sequences were then assembled using the Fragment Assembly System program from the Wisconsin package (GCG, 1995) .
The almost-complete 16S rRNA gene sequence (1483 bp) of strain CC-G9A T was submitted to the EzBioCloud server (EzTaxon-e Database; Kim et al., 2012) and the NCBI for BLAST search. Subsequently, closely related 16S rRNA gene sequences were retrieved from EzTaxon-e, Ribosomal Database Project (Wang et al., 2007) or GenBank and aligned by using the CLUSTAL X (1.83) program (Thompson et al., 1997) . For further determination of the phylogenetic structure of the genus Pseudomonas, partial gyrB and rpoB gene sequences (900-1200 bp) were analysed. The phylogenetic analysis was performed with MEGA 5 software (version 5; Tamura et al., 2011) and the topology of the resultant neighbour-joining, maximum-likelihood and maximum-parsimony trees was evaluated by bootstrap analyses (Felsenstein, 1985) after 1000 replications. Comparative 16S rRNA, gyrB and rpoB gene sequence analyses positioned the novel strain in the genus Pseudomonas as an independent lineage.
During 16S rRNA gene sequence analysis, pairwise comparison indicated that strain CC-G9A T shared high sequence similarity to P. 93.6, 94.2, 92.8, 92.2, 91.4 and 94. 3 %, respectively, whereas the similarity of the gyrB gene sequence of strain CC-G9A T to those of P. mendocina BCRC 10458 T , P. alcaliphila DSM 17744 T , P. alcaligenes BCRC 11893 T , P. oleovorans subsp. lubricantis DSM 21016 T , Pseudomonas tuomuerensis JCM 14085 T and P. toyotomiensis JCM 15604 T was 87.9, 87.2, 87.9, 88.1, 85.2 and 89.0 %, respectively. Corresponding values at the interspecies level within the genus Pseudomonas are reported to be 77.8-98.6 % (for the rpoB gene) and 77.0-98.5 % (for the gyrB gene). In contrast, the similarity values obtained for CC-G9A T with regard to the reference strains analysed were well within the reported threshold. The phylogenetic trees were reconstructed by using 16S rRNA gene sequences with the neighbourjoining, maximum-likelihood and maximum-parsimony methods; only the neighbour-joining trees are shown with confirmed branching points indicated in Fig. 1 . Furthermore, the evolutionary trees reconstructed from amino acid sequences (rpoB and gyrB genes) are presented in Figs S1 and S2 (available in IJSEM Online). These phylogenetic trees reconstructed from 16S rRNA, rpoB and gyrB genes indicated that strain CC-G9A T was clearly separated from strains P. Currently, it is recommended that DNA-DNA hybridization should be performed when sequence similarity values are higher than 98.7299 % (Stackebrandt & Ebers, 2006) . DNA-DNA association experiments were conducted between strain CC-G9A T , P. mendocina BCRC 10458 T , P. alcaliphila DSM 17744 T , P. alcaligenes BCRC 11893 T , P. oleovorans subsp. lubricantis DSM 21016 T , P. argentinensis BCRC 17807 T and P. oleovorans subsp. oleovorans BCRC 11902. Bacterial genomic DNA was isolated by using UltraClean Microbial Genomic DNA Isolation kits according to the manufacturer's instructions. DNA samples from six strains were loaded on to positively charged membranes as described by Seldin & Dubnau (1985) . Chromosomal DNA of strain CC-G9A T and the six other members of the genus Pseudomonas were used to construct hybridization probes by labelling with digoxigenin-11-dUTP (DIG (Wayne et al., 1987) , strain CC-G9A T shows low DNA-DNA relatedness with the most closely related species, which supports its genomic distinction as a separate species within the genus Pseudomonas.
Colony morphology, presence of flagella and morphology of the cells of strain CC-G9A T were investigated using colonies/cells grown on NA. Gram-staining was performed as described by Murray et al. (1994) . Cell morphology was studied by transmission electron microscopy (JEM-1400; JEOL) as well as by light microscopy (model A3000; Zeiss). Growth of strain CC-G9A T was also tested on tryptic soy broth (TSB; Difco) agar and R2A agar (Oxoid). Growth was tested using nutrient broth (HiMedia) at 20-50 u C, pH 4.0-11.0 (1 unit increments) and NaCl concentrations of 1.0-10.0 % (w/v, 1 % increments). Catalase activity was determined by assessing bubble production by cells in 3 % (v/v) H 2 O 2 and oxidase activity was determined by using 1 % (w/v) N,N,N9,N9,-tetramethyl-1,4-phenylenediamine reagent (bioMérieux). The DNase test was conducted by using DNase test agar (HiMedia). Carbon source utilization pattern were determined by using a Biolog GN2 MicroPlate after incubation for 2 days. Nitrate reduction, indole production, activities of b-galactosidase and urease, hydrolysis of aesculin and gelatin, and assimilation of 12 substrates were tested with API 20 NE strips (bioMérieux) at 30 u C for 2 days. The activities of various enzymes were determined by using the API ZYM system (bioMérieux) after incubation for 24 h. Antibiotic susceptibility was tested by using ATB PSE 5 strips (bioMérieux) following the manufacturer's recommendations.
Cells of strain CC-G9A T were Gram-stain-negative, short rods, mobile by a monopolar flagellum. Cells were 2.1-2.6 mm in length and 0.7-0.9 mm in diameter ( Fig. S3 ). Colonies size was 3-5 mm in diameter after 2 days of incubation on NA. Colonies were light yellow-coloured, the elevation was raised, the shape was irregular and the edge was undulate. Strain CC-G9A T could grow at 20-42 u C, within a pH range from 6.0 to 10.0, and was able to tolerate up to 7 % (w/v) NaCl in nutrient broth. Similar to the reference strains P. mendocina BCRC 10458 T , P. alcaligenes BCRC 11893 T , P. alcaliphila DSM 17744 T , P. toyotomiensis JCM 15604 T , P. oleovorans subsp. lubricantis DSM 21016 T , P. argentinensis BCRC 17807 T , P. oleovorans subsp. oleovorans BCRC 11902, P. straminea JCM 2783 T and P. flavescens JCM 21586 T , strain CC-G9A T showed positive reactions for catalase and oxidase activities; utilized pyruvic acid methyl ester, DL-lactic acid, succinic acid, L-asparagine, L-glutamic acid, L-proline and caminobutyric acid in the Biolog GN2 MicroPlate; assimilated capric acid, malic acid and trisodium citrate; was negative for indole production, D-glucose fermentation, bglucosidase, b-galactosidase, N-acetylglucosamine (assimilation) and adipic acid (assimilation) in the API 20NE system; positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase activity in the API ZYM system; negative for a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase, a-fucosidase and the DNase test; in the antibiotic susceptibility test (ATB PSE 5), sensitive to ticarcillin (16 mg l -1 ), ticarcillin-pyo (64 mg l -1 ), ticarcillin clavulanic acid (16 mg l -1 ), ticarcillin clavulanic acid-pyo (64 mg l -1 ), piperacillin/ureidopen (16 mg l -1 ), piperacillin-pyo (64 mg l -1 ), piperacillin/tazobactam (16 mg l -1 ), piperacillin/tazobactam-pyo (64 mg l -1 ), cefepime (8-16 mg l -1 ), imipenem (4-8 mg l -1 ), meropenem (4-8 mg l -1 ), amikacin (16-32 mg l -1 ), gentamicin (4-8 mg l -1 ), tobramycin (4-8 mg l -1 ), ciprofloxacin (1-2 mg l -1 ), colistin (2 mg l -1 ) and cotrimoxazole (2 mg l -1 ). Nevertheless, several distinct physiological and biochemical characteristics which differentiate strain CC-G9A T from the other eight species of the genus Pseudomonas are shown in Table 1 . Strain CC-G9A T possessed proteases (gelatin hydrolysed); was able to utilize glycogen, maltose, Dpsicose, turanose, D-glucosaminic acid, a-hydroxybutyric acid, a-ketovaleric acid, sebacic acid, D-serine, glycerol and D-glucose 6-phosphate as carbon sources; could assimilate maltose; and was resistant to ampicillin-sulbactam (8-16 mg l -1 ).
Polar lipids were extracted and analysed by two-dimensional TLC, and isoprenoid quinones were purified by methods according to Minnikin et al. (1984) and analysed by HPLC as described by Collins (1985) . For analysis of DNA G+C content, a DNA sample was prepared and degraded enzymically into nucleosides as described by Mesbah et al. (1989) . The nucleoside mixture obtained was then separated via HPLC. Fatty acid methyl esters were prepared, separated and identified according to the standard protocol (Paisley, 1996) of the Microbial Identification System (MIDI) (Sasser, 1990 ) using a gas chromatograph (7890A; Agilent) fitted with a flame-ionization detector. The novel isolates and reference strains compared together were grown on NA for 48 h at 30 u C. Grown culture was harvested from the plate and subjected to saponification, methylation and extraction (Miller, 1982) . Identification and comparison were performed using the Aerobe (RTSBA6) database of the MIDI System (Sherlock version 6.0).
The DNA G+C content of strain CC-G9A T was 64.3± 1.3 mol%. The polar lipid profile of strain CC-G9A T was similar to that of P. alcaliphila DSM 17744 T and P. Strains: 1, CC-G9A T ; 2, P. mendocina BCRC 10458 T ; 3, P. alcaliphila DSM 17744 T ; 4, P. alcaligenes BCRC 11893 T ; 5, P. toyotomiensis JCM 15604 T ; 6, P. oleovorans subsp. lubricantis DSM 21016 T ; 7, P. argentinensis BCRC 17807 T ; 8, P. straminea JCM 2783 T ; 9, P. flavescens JCM 21586 T ; 10, Pseudomonas aeruginosa ATCC 10145 T ; 11, P. oleovorans subsp. oleovorans BCRC 11902. +, Positive; 2, negative; W, weakly positive reaction; NA, no data available; S, sensitive; I, intermediate; R, resistant. Data in column 10 were obtained from Gibello et al. (2011 ), Colwell (1965 and Xiao et al. (2009) . mendocina BCRC 10458 T with respect to the presence of diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE) and phosphatidylglycerol (PG), which is in agreement with data published previously for species of the genus Pseudomonas (Pascual et al., 2012) . In addition, moderate amounts of phosphatidylcholine (PC), unidentified aminophospholipid (APL) and unidentified phospholipid (PL) were also detected despite some quantitative difference (Fig. 2) . The predominant quinone system was ubiquinone (Q-9), which is compatible with other species of the genus Pseudomonas. The major fatty acids in strain CC-G9A T were C 10 : 0 3-OH (5.8 %), C 12 : 0 (8.7 %), C 12 : 0 3-OH (4.6 %), C 16 : 0 (17.8 %), C 16 : 1 v7c/C 16 : 1 v6c (18.2 %) and oleovorans BCRC 11902, P. argentinensis BCRC 17807 T , P. straminea JCM 2783 T and P. flavescens JCM 21586 T with regard to several biochemical and molecular features. Therefore, we propose to classify strain CC-G9A T as a representative of a novel species in the genus Pseudomonas for which the name Pseudomonas guguanensis sp. nov. is proposed.
Description of Pseudomonas guguanensis sp. nov.
Pseudomonas guguanensis (gu.guan.en9sis. N.L. fem. adj. guguanensis of or pertaining to Guguan, the location of a favourite hot spring attraction in Taiwan).
Aerobic, Gram-stain-negative, rod-shaped bacterium, with a monopolar flagellum. Can be cultured on NA, TSA and R2A plates and forms light yellow-coloured colonies. The elevation (side view) of the colony is raised, the shape is irregular and the edge is undulate. Cell size is 0.7-0.962.1-2.6 (mm). Grows between 20 and 42 u C, pH 6.0 to 10.0, and tolerates up to 7 % (w/v) NaCl stress. Positive for catalase, oxidase, protease and urease activity. Cells can utilize dextrin, glycogen, Tween 40, Tween 80, D-fructose, Dgalactose, a-D-glucose, maltose, melibiose, D-psicose, turanose, pyruvic acid methyl ester, succinic acid monomethyl ester, acetic acid, cis-aconitic acid, citric acid, formic acid, D-galacturonic acid, D-gluconic acid, Dglucosaminic acid, D-glucuronic acid, a-hydroxybutyric acid, b-hydroxybutyric acid, DL-lactic acid, L-alanine and glycerol as sole carbon sources. Nitrate and nitrite are not reduced. D-Glucose, maltose, potassium gluconate, capric acid, malic acid and trisodium citrate are assimilated. Positive reactions for alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase, but negative for a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase. Resistant to ampicillin-sulbactam. The predominant quinone system is Q-9. Polar lipid composition contains DPG, PC, PE, PG, APL and PL. The major fatty acids are C 10 : 0 3-OH, C 12 : 0, C 12 : 0 3-OH, C 16 : 0, C 16 : 1 v7c/C 16 : 1 v6c and C 18 : 1 v7c/C 18 : 1 v6c.
The type strain is CC-G9A T (5BCRC 80438 T 5JCM 18416 T ). The DNA G+C content of strain CC-G9A T is 64.3±1.3 mol%.
